Two proteins which have carbonate dehydratase (carbonic anhydrase, EC 4.2.1.1) activity were shown to be in the chloroplasts and in the cytosol of leaves of Brassica chinensis, Spinacia oleracea, and in variegated leaves of Tradescantia aibiflora and Hedera canariensis. The chloroplastic enzyme is smaller than the one in the cytosol, as it runs farther on gradient polyacrylamide gels. It was separated from the other by isolation of chloroplasts of Brasska and Spimacia on sucrose density gradients; approximately half of the total activity was in the chloroplasts.
In leaf cells, neither the role of carbonate dehydratase (commonly called carbonic anhydrase) (EC 4.2.1.1) nor its intracellular distribution has been established. Poincelot (6) suggested that 63% of the carbonate dehydratase activity in spinach leaves was in the chloroplast; Jacobson et al. (3) reported that most, if not all, the activity of carbonate dehydratase was in chloroplasts. An accurate knowledge of the location of the enzyme is necessary to support hypotheses about its function.
It is established that carbonate dehydratase is soluble, rather than associated with membranes (6, 10) . Activity is found in chloroplasts, but not in mitochondria (3) . It 10 mM MgCl2, 10 mm Na2-EDTA, I mM DTT, 0.4 M sorbitol, and 0.5% BSA using 1.0 ml of medium/ fresh weight. This procedure was used for all tissues whether for direct loading on electrophoresis gels or for centrifugation on sucrose density gradients. Procedure for density gradient centrifugation was that of Jacobson et al. (3) .
Electrophoresis, Development, and Staining. Extracts were sonicated before loading up to 15 ,ul containing about 10 units of carbonate dehydratase activity on Gradipore gradient polyacrylamide gel slabs. The gel was run overnight in the refrigerator at 75 v in a running buffer of 80 mm Tris borate (pH 8.3) and 2.5 mm Na2-EDTA. Carbonate dehydratase activity was detected by passing CO2 gas over the cut gel surface which had been flooded with running buffer containing bromothymol purple (5).
Enzyme Assays. Carbonate dehydratase was determined colorimetrically in melting ice (7). Glyceraldehyde-P dehydrogenase (EC 1.2.1.9) was assayed spectrophotometrically (8) .
RESULTS AND DISCUSSION Extracts of dicotyledon leaves contain two proteins of high mol wt which have carbonate dehydratase activity; they appear as two bands on polyacrylamide gels (1) . Dissociated subunits of the enzyme are thought to be the source of a third band sometimes found 6 or 7 cm into the gradient gel. The activity of the smaller of the two large proteins is absent in etiolated tissue and in the white parts of variegated leaves (Fig. 1) ; it is evidently chloroplastic. Both of these types of nongreen tissue have considerable carbonate dehydratase activity, though the level of this activity may not be the same as the cytosol activity in green leaves. Equivalent changes in the subunit band on the gels are not observable. It is possible that the subunits of both the chloroplast and cytosol enzymes are of similar mol wt and that the two large proteins differ in number of subunits. A chloroplastic carbonate dehydratase protein has been purified (9), but the protein from the cytosol has not been. Even if the subunits are of different mol wt, their migration in the gel could be similar because they are small proteins.
A single band of activity of carbonate dehydratase on gels has been obtained with partially purified preparations from chloroplasts of pea leaves (2) and lettuce (9) . Similar results were obtained in the region of high mol wt with B. chinensis and spinach (Fig. 1) . With spinach extracts the cytosol and chloroplastic bands of high mol wt run very close together, so no separation is obvious. The activities of spinach extracts separated on sucrose density gradients are shown in Figure 2 . The activity found in the least dense fractions is likely to be both that of the cytosol enzyme and that from broken chloroplasts.
The method it is possible only to estimate that at least one-fifth and possibly half of the carbonate dehydratase activity of spinach leaves is in the cytosol. This estimate can be compared with that obtained from the separation on sucrose gradients (Fig. 2) . Assuming all of the NADP-glyceraldehyde-P dehydrogenase is in the chloroplasts, so that in the least dense fractions dehydrogenase activity comes from broken chloroplasts, the data in Figure 2 show that 44% of the dehydratase activity is in the chloroplast and 56% in the cytosol. In B. chinensis 62% was calculated to be in the chloroplast.
It is possible that some of the NADP-dependent dehydrogenase activity, used as a marker of chloroplasts, is located in the cytosol. The very careful work of Nishimura et aL (4) can be used to assess this in spinach: 4% of the dehydrogenase activity was not chloroplastic, if the distribution of Chl is taken as a marker. Allowing for this dehydrogenase activity increases to 46% the proportion of carbonate dehydratase activity in the chloroplast of spinach.
In monocotyledons, the large aggregate of carbonate dehydratase is absent (1) but a similar distribution to that in dicotyledons was found (Fig. 1) . The smaller form of carbonate dehydratase was absent in white parts of variegated leaves of Tradescantia. Given that there is substantial carbonate dehydratase activity in the cytosol as well as in the chloroplast stroma, hypotheses as to their function can be reviewed. Suggested functions which are purely chloroplastic, such as that of preventing pH change (3) , require an additional separate role for the cytosol enzyme. A role for carbonate dehydratase in CO2 transport described by Werdan and Heldt (10) could be extended to both subcellular compartments, especially if, as suggested by Poincelot (6) , the carbonate dehydratase was in close proximity to the membranes that the CO2 diffuses through. However, it will be very difficult to produce experimental evidence which will distinguish between the various suggestions for the function of carbonate dehydratase in leaves.
